In the recent two experiments [Phys. Rev. Lett. 80, 1826-1829 (1998 and Phys. Rev. Lett. 90, 081801 (2003)] only the product, µ 2 γ A amb , is observed. In order to get a limit on photon mass µ γ , one must determine the ambient cosmic magnetic vector potential A amb . In this note we point out that the ambient vector potential A amb cannot be uniquely determined by the definition of the vector potential in the case without assumptions about how the large-scale fields are generated. So that the two new limits on photon mass µ γ < 2 × 10 −50 g and µ γ < 1.2 × 10 −51 g given, respectively, in these two experiments are inconclusive.
Recently Lakes (1998) [1] reported his experiment based on a toroid Cavendish balance and claimed that a new limit on photon mass, µ γ < 2 × 10 −50 g, is given. More recently Luo et al. (2003) [2] reported their improved experiment based on a rotating torsion balance and claimed that a smaller limit on photon mass, µ γ < 1.2 × 10 −51 g, is obtained. However these two limits are all inconclusive as pointed out below.
In fact, it is the product of the photon mass squared µ 2 γ and the ambient vector potential A amb , i.e. µ 2 γ A amb , that is directly measured in these two experiments. So that the key point for extracting a limit on photon mass from this product is to estimate the value of the ambient vector potential.
Let us firstly recall how the authors, Lakes and Luo et al., estimate the ambient vector potential. In order to get a value of A amb , Lakes [1] started from the definition of the ambient vector potential,
and claimed that his method requires no assumptions about how the large-scale fields are generated. Integrating Eq. (1), one arrives at
where D is a distance extended by the ambient magnetic field. Using Eq. (2), Lakes [1] argued that "one yet larger distance scale, magnetic fields of 0.2µG over a distance of 1300 kpc corresponding to the Coma galactic cluster correspond to A amb ≈ 10 12 Tm." Then such a value was used by Lakes [1] and Luo et al. [2] to get the limits of µ γ < 2 × 10 −50 g and µ γ < 1.2 × 10 −51 g, respectively.
In this note we shell point out that it is impossible to get A amb only from B amb in case of not making some assumptions about how the large-scale fields being generated.
It is well-known that Eq. (1) cannot uniquely determine the ambient vector potential from the ambient magnetic fields: If A is a solution to Eq. (1), then the quantity A + ∇f + A const is also a solution where f is an arbitrary function of space-time coordinate and A const is an arbitrary constant vector. In fact, a general solution of A amb to Eq. (1) can be decomposed into three parts:
where A const is a constant vector, A is a longitudinal field defined by
and A ⊥ is a vertical field defined by
and satisfies Eq. (1), i.e.
It is obvious from Eqs. (3) that the equation (1) determines only the vertical field A ⊥ rather than the longitudinal field A and the constant vector A const . To determine the second two fields, one must consider not only the sources generating the ambient magnetic fields but also some corresponding boundary conditions. For a stationary electromagnetic field, e.g., we have ∂E/∂t = ∂B/∂t = 0 and so that the magnetic field equations are independent of the electric ones. Hence we need simply to consider the magnetic field equations,
Divergency of Eq. (4) leads to
This shows, one hand, that the longitudinal field A is determined by the divergency of the current density J amb . Only in case of
Eqs. (3b) and (6b) then imply A = 0.
Using Eqs. (3a), (3d) and (6c), Eq. (4) reduces to
Integrating this equation gives a general solution for A ⊥ involving the constant vector A const which should be determined by some unknown boundary conditions of the ambient vector potentials.
In short, these two experiments give only the product, µ 2 γ A amb . However, the definition of the vector potential determines only the vertical field of the cosmic magnetic vector potential A amb rather than the longitudinal field and the constant vector. This implies that the value of A amb ≈ 10 12 Tm derived by the authors, Lakes [1] and Luo et al. [2] , simply from the values of B amb is just the value of the vertical vector field, but not include such values of the longitudinal vector potential and a possible constant potential which must be determined by the cosmic current sources and some boundary conditions. So that such a value of A amb ≈ 10 12 Tm is inconclusive and hence the two corresponding limits on photon mass µ γ < 2 × 10 −50 g and µ γ < 1.2 × 10 −51 g given, respectively, in Refs. [1] and [2] are also inconclusive.
